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Climate change and population declines in a
long-distance migratory bird
Christiaan Both1,2, Sandra Bouwhuis1†, C. M. Lessells1 & Marcel E. Visser1
Phenological responses to climate change differ across trophic
levels1–3, which may lead to birds failing to breed at the time of
maximal food abundance. Here we investigate the population
consequences of such mistiming in the migratory pied flycatcher,
Ficedula hypoleuca4. In a comparison of nine Dutch populations,
we find that populations have declined by about 90% over the past
two decades in areas where the food for provisioning nestlings
peaks early in the season and the birds are currently mistimed. In
areas with a late food peak, early-breeding birds still breed at the
right time, and there is, at most, a weak population decline. If
food phenology advances further, we also predict population
declines in areas with a late food peak, as in these areas adjustment
to an advanced food peak is insufficient4. Mistiming as a result of
climate change is probably a widespread phenomenon1, and here
we provide evidence that it can lead to population declines.
Ongoing climate change leaves a clear global fingerprint on
ecosystems. Many organisms bring forward the timing of their
seasonal activities, whether it be flowering in plants, budding of
trees, emergence of insects or breeding in birds5–7. Despite this
general advancement, some species may not cope with climate
change because their response differs from the response of organisms
at lower levels of the food chain1–4,8,9, leading to a mismatch between
the timing of reproduction and the main food supply10. This
mistiming can have a clear effect on species population dynamics
and ecosystem functioning2,11. In general, we expect the populations
that are most mistimed to decline most in number. Here we show
how populations of a small passerine bird have declined as a
consequence of climate change, because the phenology of their
main food supply during breeding has advanced more than the
birds’ breeding date.
We studied the population ecology of the long-distance migratory
passerine, the pied flycatcher Ficedula hypoleuca, and its caterpillar
food supply. We have previously shown in this long-term study in the
Netherlands that the flycatchers have advanced their laying date but
not the timing of their spring arrival in the Netherlands, and that the
advancement in laying date was not sufficient to track the advance-
ment of spring, leading to increased selection for early breeding4. The
temperate forest habitat of our study area is characterized by a clear
peak in caterpillar abundance in spring, and caterpillars are an
important food source for nestling flycatchers12,13. The timing of
this caterpillar peak differs between areas (see Supplementary Infor-
mation) and years, with a clear shift forward over the past 20 years in
our main study population14.
We predicted that areas with increased mismatch between the
timing of the birds and the peak availability of their prey would show
a strong population decline. To test this prediction, we collated
annual population counts between 1987 and 2003 from ten nest box
populations in the Netherlands that differed strongly in population
trends. If increased mistiming is the cause of population declines, we
predict that populations in the areas with the earliest food peak will
have declined most strongly. This is because these long-distance
migrants have a relatively fixed spring migration programme15, and
in early food phenology areas these birds have a shorter period
between their arrival and the time of the food peak. A short time
interval between arrival and breeding may act as a constraint, because
the birds can not shorten this much further. We expect that
populations in these areas of early food peak might also react less
flexibly to increases in temperature, and consequently decline in
number.
We found strong support for our hypothesis: pied flycatchers have
declined by about 90% in areas with the earliest food peaks, but
have only declined by about 10% in areas with the latest food peaks
(Fig. 1a). Because we measured the caterpillar peak date in only one
year (2003, at the end of the study period), we used the percentage
of great tits producing a second brood over a six-year period
(1985–1990) as a second measure of the phenological state of the
area, because great tits produce second broods only if caterpillar
peaks are late16. Flycatcher populations declined most in areas with
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Figure 1 | Population trends of Dutch pied flycatcher populations.
a, b, Trends in response to the local date of the caterpillar peak (in days since
31 March) (Spearman rank correlation: r s ¼ 0.80, n ¼ 9, P ¼ 0.013) (a),
and the slope of annual median laying date on spring (16 April–15 May)
temperature (r s ¼ 20.86, n ¼ 7, P ¼ 0.03) (b). Populations of pied
flycatchers with an early food peak and a weak response declined most
strongly. Population trend is the slope of the regression of the log
number of breeding pairs against year. In b, the x axis shows the slope of a
linear regression of median laying date against mean temperature from
16 April–15 May. Error bars represent the standard errors of the slopes of the
regression lines. All points in b are also in a, except for one point, for which
we had no data regarding the caterpillar peak.
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the lowest percentage of great tit second broods (Spearman rank
correlation: r s ¼ 0.94, n ¼ 6 populations, P ¼ 0.003), confirming
our result based on direct measures of caterpillar peak dates.
If migration timing does act as a constraint, we expect that the
flycatcher breeding would be least able to advance with increasing
temperatures in areas with the earliest food phenology. Indeed, the
populations that adjusted their laying date least to temperature were
the ones with the strongest decline in population numbers (Fig. 1b).
This is probably not due to genetic differences in reaction norms
between populations because such differences were not found in a
related species17, and the exchange of ringed birds occurs between
some of our study populations. The population declines in areas with
early food peaks and in populations least flexible to increasing
temperatures thus strongly support the idea that these declines are
attributable to insufficient adjustment of arrival and laying dates to
climate change.
The decline in the number of pied flycatcher breeding pairs in
areas with an early food phenology was not due to general deterio-
ration of the habitat, because caterpillar biomass was highest in areas
with an early food peak (Spearman rank correlation between cater-
pillar peak abundance and peak date: r s ¼ 20.695, n ¼ 9, P , 0.05),
and population trends of resident great tits (Parus major) breeding in
the same nest boxes were unrelated to the date of the caterpillar peak
(linear regression: F1,6 ¼ 0.38, P ¼ 0.56; slopes differed between
species: F 1,13 ¼ 11.66, P ¼ 0.013), despite their dependence on
caterpillars for feeding chicks18.
We have thus clearly shown that climate-change-induced mis-
timing leads to population declines in a migratory songbird. One
possible reason why pied flycatchers have not adjusted sufficiently to
climate change is that their arrival from their wintering grounds has
not advanced and probably acts as a constraint on laying dates4,19.
Because we have also shown this mistiming in an area with a late food
phenology4,20, we expect flycatcher populations in these areas to
decline if the food peak advances further. The decline in areas with an
early food phenology is probably not just the result of changed
habitat selection, because in two-thirds of the Netherlands declines of
about 50% were reported between 1986 and 1999 in the Dutch
common bird census21, which is in agreement with the general
decline in European long-distance migrants22. Furthermore, since
1988 declines have been reported in 45 out of 62 nest box areas in the
UK (J. Wright and the British Trust for Ornithology, personal
communication), suggesting that these declines are more wide-
spread, but differ across sites. In general, we expect climate change
to be a greater threat to long-distance migrants than to resident
species, and to species breeding in strongly seasonal environments
than to species living in less seasonal habitats23. Apart from a
mismatch due to an advance in the timing of their food, the duration
of high food availability may decrease because caterpillars grow faster
and advance pupation at higher temperatures24. The general decline
in many long-distance migratory species in both Europe22 and North
America25 may thus be particularly pronounced in seasonal habitats
and may be exacerbated by climate change, which can exaggerate the
temporal mismatch between avian predators and their prey.
METHODS
We studied ten pied flycatcher populations in the Netherlands separated by
3–150 km (see Supplementary Information). Population size (the number of
pairs using the nest boxes) was analysed from 1987 (the first year for which we
have data for all populations) until 2003. The number of pairs using the nest
boxes is used here as a population size for the area, because in the Netherlands
about 90% of the species breeds in nest boxes, and in nest box areas more than
98% of flycatcher pairs breed in the boxes (unpublished observation). The
population trend is the slope of the regression with log10(population size þ 1)
the dependent variable and year as the independent variable, and is a measure of
the relative growth or decline of the population.
Laying date was known for six populations, and we calculated the annual
median laying date from 1980–2002. Previous work has shown that laying date
correlates strongly with spring temperature, and we used the slope of the linear
regression of the annual median laying date (dependent variable) and mean
temperature from 16 April–15 May (independent variable) as measure of the
plasticity of laying date4. The median laying date in the early part of the study is
15 May, and we showed that laying date is strongly correlated with temperature
over this period in 25 study areas across Europe26. Areas differed in the period for
which laying dates were available; we used all the available data in order to get the
most accurate measure of plasticity. We calculated median laying dates only for
years in which more than seven pairs bred in each population.
In 2003, we measured the caterpillar peak for two pedunculate oak Quercus
robur trees in each of nine areas. Representative trees were selected in the main
breeding areas of the pied flycatchers. We placed a 50 cm £ 50 cm cloth net under
each tree to catch caterpillar droppings, and collected the samples in the nets
every five days. Caterpillar biomass in the trees was estimated from the dry
weight of the droppings27 and the caterpillar peak date was defined as the middle
day in the five-day period for which caterpillar biomass was maximal. In the
Netherlands, 2003 was a warm spring, and the caterpillar peak in our main study
area was the third-earliest since we started measuring it in 1985 (ref. 14). Using a
regression slope, the peak advanced 16 days from 1985 to 2003.
As a second approximation of the general phenological state of each area, we
used the percentage of great tits producing second broods. This species is known
to produce more second broods if the caterpillar peak is late16, and the percentage
of second broods is thus a measure of whether caterpillar peaks are early or late.
We took the average of the annual proportions for the years 1985–1990, which
was at the start of our flycatcher population analysis, because as a result of
climate change the proportion of great tits producing second broods has
declined in some habitats28. The proportion of second broods was known for
six of the ten study populations.
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